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There  is a  growing  concern  on heavy  metals  in  consumer  products  due to their  potential  human  health
risks  and  environmental  effects.  In  this  study,  the levels  of  zinc,  cadmium,  lead and  nickel  were  assessed
in  3 different  classes  of personal  care  products  commonly  used  in Ibadan,  Nigeria.  Samples  were  analysed
for heavy  metals  using  Atomic  Absorption  Spectrophotometer  (AAS)  after  acid digestion.  Estimated  daily
intake  (EDI)  of the metals  and  Health  Risk Index  (HRI)  were  calculated  to assess  the  human  health  risks
associated  with  the  use  of  these  PCPs.  The  concentrations  (mg/kg)  of zinc  ranged  from  3.75 to  19.3,  1.88 to
112,000  and 19.8 to  217  respectively  in creams,  powders  and  eyeliners.  Cadmium  ranged  from ND—0.50,
ND—36.3  and  ND—0.50  mg/kg  while  lead  ranged  from  ND—6.25,  ND—468  and 3.73–27.5 mg/kg  and  nickel
ranged  from  ND—6.25,  0.13–107  and  2.75–22.7  mg/kg  respectively.  There  were  high  concentrations  of
Cd,  Pb  and Ni in some  of the samples  when  compared  with  the  available  permissible  limits  in  cosmetics
(Cd:  0.3  ppm,  Pb:  10 ppm  and  Ni: 0.6  ppm  while  there  is no  permissible  limit  for  Zn  in  cosmetics  currently
available).  Prolonged  use of  PCPs  may  pose  human  health  and  environmental  risks  due  to toxic  metal
loading  through  dermal  contact  and accumulation  over  a period  of  time.  Hence,  the  need  for  necessary
government  agencies  to  regulate  and  enforce  toxic  metals  in consumer  products  including  cosmetics
produced  and  imported  into  Nigeria  to safeguard  public  health  and  the environment,  which is the  ﬁnal
sink.
© 2016  Published  by  Elsevier  Ireland  Ltd.  This is an  open  access  article  under the CC  BY-NC-ND. Introduction
The quest for physical beauty by more people has promoted the
se of personal care products (PCPs) globally. Millions of people use
ne or two types of PCPs and their ingredients on a daily basis [1].
his, of course, exposes them to different chemicals contained in
he PCPs via direct skin contact which often involves exposure of
 large area of the body. This is coupled with prolonged duration
f contact, which may  occur due to repeated use of the products
33]. There are different types of PCPs which include lipstick and lip
loss (used to colour the lips); powder and rouge (used to colour
he face, lighten and remove ﬂaws); mascara, eyeliners and eye-
hadow (used to colour the eyelids); nail polish (used to colour the
ngernails and toenails) and different types of both moisturizing
nd lightening/toning creams [58].
Studies have described human exposure to heavy metals from
ifferent sources in Nigeria [63,54,6,53,38,48,47,68,4], but little is
∗ Corresponding author.
E-mail addresses: s.omenka@gmail.com (S.S. Omenka), aa.oketola@ui.edu.ng,
olaoketola@yahoo.com (A.A. Adeyi).
ttp://dx.doi.org/10.1016/j.toxrep.2016.07.006
214-7500/© 2016 Published by Elsevier Ireland Ltd. This is an open access article under license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
known about human exposure to heavy metals contained in PCPs
[11,2,8,44,5,46,24,52,69,27] and the associated human health risks.
Data on the exposure of humans to metal toxins through dermal
contact is very scanty. There is equally a paucity of data on the con-
centrations of cadmium, nickel, lead, and zinc in PCPs commonly
available and used in Ibadan, Nigeria and their potential human
health risk. At high concentrations, some of the metals may damage
the internal body organs in animals and humans. Various forms of
mammalian cancers, respiratory diseases, organ failure and learn-
ing disabilities had been traced to metal poisoning [39,40,32]; and
[59].
Chronic exposure to cadmium causes kidney dysfunction and
high levels of exposure will result in death [18,55,3,26,29]. Zinc has
been reported to cause the same illness as lead [36], and can cause
other health problems such as stomach cramps, vomiting, nau-
sea, skin irritation, and anemia [55]. Other health effects associated
with cadmium, copper and zinc poisoning includes gastrointestinal
disorder, diarrhea, stomatities, tremor, ataxia, paralysis, vomiting
and convulsion, depression, and pneumonia [37,22,39]. Nickel is a
human carcinogen that can lead to kidney problems, gastrointesti-
nal distress, pulmonary ﬁbrosis and skin dermatitis [18].
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
List of some PCPs (creams and powders) commonly used in Ibadan, Nigeria.
S/N Sample code Names of PCPs Names of manufacturer Country of manufacture NAFDAC reg. No Date of manufacture Expiry date Quantity in pack
Creams
01 01CC Skin perfection Zenon Laboratories and Chemicals Ind. Ltd. Lagos, Nigeria 02−1587 April 2014 April 2017 150 mL
02  02CC Balila Beauty cream Geydekosoun Nig. Ltd. Lagos, Nigeria 02−3831 March 2014 March 2017 150 mL
03  03CC Cussons baby Jelly PZ cussons Nig. Plc Ibadan, Nigeria 02−3811 March 2014 February 2017 90 g
04  04CC Caro white Dream cosmetic Abidjan 23, Cole de’ voire LOT: 13/7606:13 February 2014 February 2016 50 mL
05  05CC Authentic herbal cream Bright Future Hope Ent. Nigeria 04-8617L April 2014 March 2018
06  06CC Peau Claire SIVOP perfume and cosmetiques Lagos, Nigeria 02−7756 March 2014 March 2016 150 mL
07  07CC Baby and me  Jelly Aspira Nig. Ltd. Kano, Nigeria 02−5979 February 2013 February 2018 150 g
08  08CC Zenon cocoa butter body cream Zenon Laboratories and Chemical Industries Lagos, Nigeria 02−5642 May 2014 May 2017 150 g
09  09CC Cocoderm Sivop Perfume and Cosmetics Lagos, Nigeria 02−6990 May 2014 May 2016 300 mL
10  10CC Clair- Liss Sivop Perfume and Cosmetics Lagos, Nigeria 02−1510 June 2014 June 2016 150 mL
11  11CC Vaseline blue seal Unilever South Africa (pty) Ltd. South Africa 02−0385 September 2013 September 2016 50 mL
12  12CC Tony Montana Gey de Kognogn Nigeria Lagos, Nigeria 02−1310 July 2014 July 2016 150 g
13  13CC Cacatin Herbal Antiseptic Cream Iayus Investment Ltd. Lagos, Nigeria 04−8701 August 2014 July 2017 50 g
14  14CC Nouveaute Gey de Kognogn Nigeria Lagos, Nigeria 02−1291 June 2014 June 2017 75 g
15  15CC Dettol Cybele Cosmetic Ltd. Lagos, Nigeria 02−6942 May 2014 May 2016 40 g
16  16CC Drya’s Sporting Wave Hair Cream Nigeria 1B-0832L November 2012 November 2016 115 g
17  17CC Zoleen Hair Cream Jabman Industries Ltd. Lagos, Nigeria 02−3209 August 2011 July 2016 50 g
18  18CC Golden Perfume Baby Jelly Ebesun Company Nig. Ltd. Lagos, Nigeria 02-0029L March 2014 June 2016 80 g
19  19CC Debby Baby Jelly Ejyson Ind. Ltd. Ibadan, Nigeria November 2012 November 2014 80 g
20  20CC Sweet mother Jelly Stico laboratory Ltd. Lagos, Nigeria 02−1739 November 2013 November 2017 80 g
Powders
01  01PP Passion Talcum powder Cybele cosmetics Ltd. Lagos, Nigeria 02−1434 May 2014 May 2017 30 g
02  002PP April Beauty Talc Negatrex Nig. Ltd. Lagos, Nigeria 02−6634 March 2014 March 2017 100 g
03  003PP Mp3Cool Refreshing powder Imperio Int. Ltd. Lagos, Nigeria 02−5729 May 2014 May 2017 100 g
04  04PP Salga Cool Refreshing Talcum powder Imperio Int. Ltd. Lagos, Nigeria 02−8492 May 2014 May 2017 100 g
05  05PP MYK  ﬂower face powder MYK  cosmetics Ltd. Lagos, Nigeria July 2014 June 2017 50 g
06  06PP Balila powder Grey de Kourou GDK Lagos, Nigeria 02−3830 April 2014 April 2017 50 g
07  07PP Rising Raving baby powder Rising Ventures Edo state, Nigeria 004 April 2014 March 2018 100 g
08  08PP MYK  Lilo baby powder MYK  cosmetics Ltd. Lagos, Nigeria 02−6599 August 2014 July 2017 –
09  09PP POP facial powder Corporative Beauty Nig. Ltd. Nigeria 30 g
10  10PP Euchauteur powder UNZA Singapore Ltd. Malaysia 02.1392 December 2013 December 2016 125 g
Note: Reg. = registration.
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Table 2
List of PCPs (eyeliners) commonly used in Ibadan, Nigeria.
S/N Sample code Name of PCPs Country of manufacture
01 01EE Davis Nigeria
02  02EE VIC Mary Nigeria
03  03EE Absolute Nigeria30 S.S. Omenka, A.A. Adeyi / Tox
Lead can easily cross the placenta of mothers and damage the
rain of fetuses. Children exposure to lead and mercury can result
n learning difﬁculties, memory impairment, damage to the ner-
ous system, and behavioural problems such as aggressiveness and
yperactivity [49,56]. The nervous systems of children are espe-
ially sensitive to Pb [15,7], and can damage the kidney, liver,
eproductive system, basic cellular processes and brain functions.
ymptoms include anemia, insomnia, headache, dizziness and irri-
ability, weakness of muscles, hallucination and renal damages
3,42].
Studies have shown that there is an association between some
ngredients of PCPs and various health problems like cancer [31],
enal and kidney damages [40,20], nephrotic syndrome or impaired
enal function, neurological, nephrological and dermatological
amage in fetuses [21]. Physiological changes can also alter the
ioaccumulation of these metals in human body [36]. Exoge-
ous ochronosis, impaired wound healing and wound dehiscence,
sh odour syndrome, nephropathy, steroid addiction syndrome,
redisposition to infections, broad spectrum of cutaneous and
ndocrinologic complications of corticosteroids, including sup-
ression of hypothalamic-pituitary-adrenal axis [51] are some of
he complications linked to some of the ingredients in PCPs espe-
ially the skin lightening ones.
There are currently no stringent regulations to control the lev-
ls of heavy metals in consumer products manufactured and sold
n Nigeria and no national permissible limits are presently avail-
ble. Hence, this study assesses the levels of lead, cadmium, nickel
nd zinc in three different categories of personal care products (i.e.,
reams, powders and eyeliners) commonly available and used in
badan, Nigeria. It evaluates the human health risks associated with
sing the PCPs by comparing the levels of the metals in the products
ith the available international permissible limits so as to esti-
ate the risks associated with human exposure and to assess the
haracteristics of the samples such as moisture and ash contents.
. Materials and methods
.1. Sample collection and preservation
Thirty ﬁve (35) different samples of PCPs from different man-
facturers commonly used in Ibadan, Nigeria were collected
andomly by purchasing them in their sealed form from six
6) major markets in Ibadan, Oyo State. The PCPs collected
ere 20 body creams and lotions, 10 powders and 5 eyeliners
Tables 1 and 2). After purchase, prior to analysis, the samples were
ept in a cool dry place as there was no special preservation method
or the samples.
.2. Sample pre-treatment and analysis
Eyeliners were ground to powder to increase the surface areas
nd to increase their susceptibility to reaction with the mixture
f acids (nitric acid and hydrochloric acid) used in the digestion.
ub-sample errors were reduced by grinding and sieving the sam-
les to <2 mm  which enhanced sample homogenization and also
ssisted in complete dissolution. All the samples were digested
sing Q–block wireless digester system. Solid samples like eyelin-
rs were dried in an oven at 105 ◦C for 2 h to remove moisture and
o obtain a constant weight and then cooled in a desiccator. Creamy
amples liable to charring were dried at 70–80 ◦C. About 0.5 g each
f the dried samples was weighed and 10 mL  aqua regia added. The
amples were digested for 30 min  in the Q-block digester at 150 ◦C
nd the digested samples were allowed to cool to room temper-
ture and then ﬁltered. The ﬁltrates were made up to mark with
istilled water and then analysed for lead (Pb), cadmium (Cd) nickel04  04EE Fair maid eye Nigeria
05  05EE Air woman Nigeria
(Ni) and zinc (Zn) using a Buck Scientiﬁc 210/211 VGP AAS Model
220 GF version 3.94C. 50% duplicate analysis was considered. An
inter-laboratory analysis was  carried out on some of the samples
to ascertain the accuracy and reliability of the results especially
those samples that the concentrations of some of the metals were
too high or too low. Recovery study was also carried out.
2.3. Health risk assessment
The adverse health effects of the metals in the PCPs considered in
this study were estimated by calculating the estimated daily intake
of the metals using the formula:
EDI = CxD
W
Where; EDI is the estimated daily intake, C is the mean concen-
tration of the metals obtained in this study, and W is the average
human body weight (70 kg) [23,61,50,3].
The human health risks posed by heavy metal exposure in PCPs
considered in this study were estimated using the Health Risk Index
(HRI), which was calculated by dividing the estimated daily intake
by the dermal reference doses of the metals. Hazard indices must be
less than 1 in order for it not to pose any health hazards. When the
hazard index values exceed 1, there may  be concerns for potential
health risks associated with over exposure [57,61,50,3,66].
2.4. Statistical analysis
The data obtained in this study were subjected to statistical anal-
ysis using Microsoft Ofﬁce Excel (8). Coefﬁcient of Variation (CV)
was used to show the distribution patterns of the heavy metals in
the PCPs. CV were calculated using the formula:
CV = SD
Mean
× 100
where; SD is the standard deviation.
Also, Analysis of Variance (ANOVA) was used to compare the
mean concentrations of the metals between the classes of PCPs.
3. Results and discussion
3.1. Concentrations of heavy metals in personal care products
(PCPs) commonly available and used in Ibadan, Nigeria
The results of heavy metals determined in this study (Cd,
Pb, Ni and Zn) are presented in Tables 3–5. There were great
variations in the concentrations of these heavy metals in the
PCPs considered in this study. The range of zinc concentrations
were 3.75–19.3 mg/kg, 1.88–112,000 mg/kg and 19.8–217.0 mg/kg
in the creams, powders and eyeliners with mean concentrations
of 8.11 ± 4.3, 11,715 ± 35,270 and 90.5 ± 77 mg/kg, respectively
(Table 6). The concentrations in some of the creams were
11.9 mg/kg, 15.3 mg/kg, 16.5 mg/kg and 19.3 mg/kg respectively
in samples 12CC, 03CC, 10CC and 04CC while some of the pow-
der samples had very high concentrations of zinc. The values
were 114 mg/kg (5PP), 4890 mg/kg (1PP) and 112,000 mg/kg (7PP).
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Table  3
Concentrations (mg/kg) of selected heavy metals in some cream samples commonly
used in Ibadan, Nigeria.
S/N Sample codes Zn Cd Pb Ni
1 1CC 7.25 0.25 0.25 3.25
2  2CCa 6.75 ± 0.0 ND 5.00 ± 0.0 ND
3  3CC 16.5 ND ND 1.75
4  4CCa 19.3 ± 0.25 0.13 ± 0.25 6.25 ± 0.18 5.00 ± 0.0
5  5CC 8.25 0.25 ND 6.25
6  6CCa 4.50 ± 0.0 ND 0.13 ± 0.18 2.50 ± 0.0
7  7CC 7.50 ND ND 4.00
8  8CCa 8.75 ± 0.25 ND 2.50 ± 0.0 3.63 ± 0.18
9  9CC 3.75 0.500 ND 0.75
10 10CCa 15.3 ± 0.25 0.50 ± 0.0 ND 2.63 ± 0.18
11  11CC 5.25 ND 2.50 2.50
12 12CCa 11.9 ± 0.13 ND 5.00 ± 0.54 2.50 ± 0.35
13  13CC 5.50 ND 2.50 1.50
14 14CCa 6.13 ± 0.13 0.25 ± 0.0 0.13 ± 0.18 4.50 ± 0.0
15  15CC 6.25 ND 5.00 ND
16 16CCa 5.50 ± 0.25 ND 5.00 ± 0.00 1.50 ± 0.35
17  17CC 5.75 ND 5.00 ND
18 18CCa 5.50 ± 0.0 0.13 ± 0.18 5.00 ± 0.0 0.13 ± 0.18
19  19CC 6.75 ND 5.00 ND
20 20CCa 5.88 ± 0.13 0.13± 0.18 2.61 ± 0.18 ND
Range 3.75–19.3 ND—0.50 ND—6.25 ND—6.25
Note: ND = Not Detected.
a Mean concentrations and standard deviation of duplicate analysis.
Table 4
Concentrations (mg/kg) of selected heavy metals in some powder samples com-
monly used in Ibadan, Nigeria.
S/N Sample code Zn Cd Pb Ni
1 1PPa 4890 ± 130 0.13 ± 0.2 6.25 ± 1.8 4.63 ± 2.7
2  2PP 22.8 0.25 2.50 0.50
3  3PPa 20.3 ± 2.8 0.25 ± 0.0 3.75 ± 1.8 2.75 ± 0.4
4  4PP 24.8 ND 2.50 4.25
5  5PP 114 ND 2.50 3.25
6  6PPa 26.5 ± 3.5 ND 5.0 ± 3.5 4.88 ± 0.5
7  7PP 112,000 ND 468 5.75
8  8PPa 33.9 ± 0.1 36.3 ± 0.0 5.0 ± 0.0 0.13 ± 0.2
9  9PP 14.0 ND ND 107
10 10PPa 1.88 ± 0.1 ND 0.13 ± 0.2 1.50 ± 0.0
Range 1.88–112,000 ND—36.3 ND—468 0.13–107
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Table 5
Concentrations (mg/kg) of selected heavy metals in some eyeliner commonly used
in Ibadan, Nigeria.
S/N Sample code Zn Cd Pb Ni
1 1EEa 217 ± 18 0.25 ± 0.4 5.0 ± 0.0 22.6 ± 2.7
2  2EEa 38.4 ± 2.1 ND 3.75 ± 1.8 8.63 ± 0.9
3  3EE 19.8 0.50 5.00 2.75
4  4EE 92.0 ND 27.5 10.3
5  5EE 85.5 ND 5.25 6.50
Range 19.8–217 ND—0.50 3.75–27.5 2.75–22.6
Note: ND = Not Detected.
a Mean concentrations and standard deviation of duplicate analysis.
Table 6
Comparison of the mean concentrations (mg/kg), standard deviation (SD) and Coef-
ﬁcient of variation (CV) of heavy metals in the different products.
Metals Concentrations (mean ± SD in mg/kg) (CV)
Creams (n = 20) Powders (n = 5) Eyeliners (n = 5)
Zn 8.11 ± 4.3 (53) 11,715± 35,270 (301) 90.5 ±77 (85.1)
Cd  0.11 ± 0.2 (153) 3.69 ± 11 (310) 0.15 ± 0.2 (149)ote: ND = Not Detected.
a Mean concentrations and standard deviation of duplicate analysis.
mong the selected eyeliners, sample 1EE had the highest con-
entration of zinc (217 mg/kg). The order of Zn in the samples are
owders > eyeliners > creams. Zinc was present in all the samples
nd its concentrations were generally high. There is no national
nd international guidelines and limits for this element in cosmet-
cs and PCPs generally. Thus, one could not ascertain the health
mpact of this element on the consumers. However, accumulation
ver time is likely to have negative impacts on humans. Some of
he human health effects associated with zinc exposure includes
nhibition of oxygen and calcium transportation in the body; inhi-
ition of nerve transmission in the brain, reduced IQ and learning
isabilities, intrauterine fatal death, premature delivery and low
irth weight. In the workplace environment, zinc contamination
an lead to a ﬂu-like condition known as metal fever. This condi-
ion will pass after two  days and is caused by over sensitivity. Zinc
an pose a danger to unborn and newborn which may  be exposed
hrough mother’s blood or milk [39].
The range of cadmium concentrations in the three categories of
CPs were ND—0.50 mg/kg, ND—36.3 mg/kg and ND—0.50 mg/kg in
he creams, powders and eyeliners with an average concentrations
f 0.11 ± 0.2 mg/kg, 3.69 ± 11 mg/kg and 0.15 ± 0.2 mg/kg respec-
ively (Table 6). The results obtained in this study were compared
ith the available international permissible limits as there are no
ational guidelines on metals in cosmetics in Nigeria. The valuesPb 2.59 ± 2.4 (90.7) 49.6 ±147 (297) 9.3 ± 10 (110)
Ni  2.12 ± 1.9 (89.3) 13.5 ± 33 (245) 10.2 ± 7.5 (73.9)
obtained in this study were above the permissible limits of 0.3 ppm
by the WHO  (Table 7). 10% of the creams and powders and 20% of the
eyeliners were above the permissible limits. The PCPs considered
in this study, which are below the permissible limits, are unlikely
to present any health risk. Those above the limits may  cause harm
to the consumers due to the accumulation over time through der-
mal  exposure thus a signiﬁcant source of cadmium loading to the
users. The order of cadmium concentrations in the samples were
powders > eyeliners > creams. Skin absorption of Cd is rare [62] but
when absorbed into the body, cadmium accumulates in the kidney
and the liver. Although cadmium can be found in almost all adult
tissues, the total amount absorbed by humans has been estimated
to be between 0.2–0.5 g/day, with absorption via skin estimated
to be 0.5% [28]. Cadmium and cadmium compounds are considered
to be carcinogenic to humans by the IARC and are also classiﬁed
as known human carcinogens by the United States Department of
Health and Human Services.
The concentrations of Pb in the samples ranged from
ND—6.25 mg/kg, ND– 467 mg/kg and 3.75–27.5 mg/kg with
mean concentrations of 2.59 ± 2.4 mg/kg, 49.6 ± 147 mg/kg and
9.3 ± 10 mg/kg in the creams, powders and eyeliners respectively
(Table 6). The results obtained were compared with the available
international limits of 10 ppm in cosmetics by WHO  (Table 7).
100%, 90% and 80% of the creams, powders, and eyeliners consid-
ered in this study were below the permissible limits, thus they
are unlikely to pose any risk to the consumer through dermal
exposure. The order of lead concentrations in the samples were
powders > eyeliners > creams. Lead is a neurotoxin that is found in
cosmetics, plastics, batteries, gasoline, insecticides, pottery glaze,
soldered pipes, and paints [13]. In the body, lead will either accumu-
late in the tissues, especially bones, and also in the livers, kidneys,
pancreas, and lungs. Pregnant women and young children are par-
ticularly vulnerable because lead can cross the placenta with ease
and enter the fetal brain [17]. Lead can also be transferred to infants
via breast feeding and lead stored in the bone is a source of fetal
lead exposure [35]. After immediate exposure, humans are able to
get rid of 50% of the lead within two to six weeks, but it takes 25–30
years to get rid of 50% of lead that has accumulated in the body over
time [45].No safe blood level of lead is known, with even the lowest levels
having shown to affect the fetus and the central nervous system
in children [41]. Small amounts are recognized as being hazardous
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Table 7
Comparison of concentrations of selected heavy metals obtained in this study with international allowable limits in PCPs.
Zn Cd Pb Ni
This study: Creams (mg/kg)
Powders (mg/kg) Eyeliners
(mg/kg)
8.11 ± 4.3 11,715 ± 35,270
90.5 ± 77
0.11 ± 0.2 3.69 ± 11
0.15 ± 0.2
2.59 ± 2.4 49.6 ± 147
9.3 ± 10
2.12 ± 1.9 13.5 ± 33
10.2 ± 7.5
WHO  Health Canada – 0.3 ppm 3 ppm 10 ppm 10 ppm – –
EU  US – – 0.5 ppm 0.08 ppm 0.5 ppm 1.0 ppm – 0.6 ppm
Germany – 0.1 ppm 1.0 ppm –
Table 8
Comparative values (mg/kg) of heavy metals in different cosmetic products from different countries with similar work reported in the literature.
Product name Origin Pb Cd Ni Zn References
Creams Nigeria ND—6.25 ND—0.50 ND—6.25 3.75–19.3 This study
Powders Nigeria ND—468 ND—36.3 0.13–107 1.88–112,000 This study
Eyeliners Nigeria 3.75–27.5 ND—0.50 2.75–22.6 19.8–217 This study
Facial  powder Nigeria 0.4–4.1 ND—8.1 – – [43]
Medicated cream Nigeria – 0.063–0.361 – 0.539–1.104 [8]
Non- Medicated cream Nigeria – 0.016–0.082 – 0.136–0.355 [8]
Hair cream Nigeria – 0.279–0.781 – 0.531–0.811 [8]
Eyeliner Nigeria 66.4–213 0.3–1.8 78.0–325.2 72.0–128.8 [44]
Eye pencil Nigeria 66.0–187.1 0.5–1.1 4.9–21.5 36.3–198.7 [44]
Cream Nigeria ND ND- 1.33 1.82−8.43 – [52]
Mascara Eye Shade Saudi Arabia
Saudi Arabia
ND—2.18
4.41–11.9
0.002−0.035
14.4–37.3
5–31.4
6.01−46.8
ND—63.1
38.6–2000
[12] [12]
Lipsticks Japan, China,
Pakistan
2.58–11.53 0.2–0.430 0.696–1.610 0.696–1.610 [64]
Powder Pakistan 2.325–3.975 0.258–0.36 0.72–1.425 1.818–1067 [64]
Cream Lipstick Powder
Lipstick Eye pencil
Lipstick
Pakistan India
Nigeria Nigeria
Nigeria
1.741–3.708
ND—42.0323
0.10 ND-0.10
0.041–0.058
ND—0.0246
ND—0.02
.03–0.07
.03–0.05
.49–3.72
0.258–0.308
ND—1.0626 – –
– 2.20–3.64
0.646–32.83 –
– – – –
[64] [19] [24]
[24] [24] [34]
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0
0
1
o human health. Infants, toddlers, children, fetuses, and pregnant
omen are most susceptible to its chronic low-dose effects [17].
hronic low-level exposure may  affect the kidneys, cardiovascu-
ar systems, blood, immune systems, and especially the central and
eripheral nervous systems Agency of Toxic Substances and Dis-
ase Registry [9]. IQ deﬁcits have been associated with both low and
igh blood lead levels. Lead exposure has also been linked to mis-
arriage, hormonal changes, reduced fertility in men  and women,
enstrual irregularities, delays in puberty onset in girls, memory
oss, mood swings; nerve, joint and muscle disorders; cardiovascu-
ar, skeletal, kidney and renal problems [31]. Lead and inorganic
ead compounds have been classiﬁed as possible and probable
arcinogens to humans Agency of Toxic Substances and Disease
egistry [10]. Exposure to lead results in damage to cognitive devel-
pment in children and damage to the nervous system. The use of
eaded eye powders (Sumar, Kohl, Alkol and Tiro) has been asso-
iated with increased blood- lead levels in children and women
39,67].
Nickel concentrations in the creams ranged from
D—6.25 mg/kg, 0.13–107 mg/kg in the powder and
.75–22.3 mg/kg in the eyeliners with mean concentrations
f 2.12 ± 1.9 mg/kg, 13.5 ± 33 mg/kg and 10.2 ± 7.5 mg/kg respec-
ively (Table 6). When the results were compared with the 0.6 ppm
ermissible limits in cosmetics by the U.S (Table 7), 70%, 80%,
nd 100% of the creams, powders and eyeliners were above the
ermissible limits and hence likely to cause health risk to the con-
umers from dermal exposure. The order of nickel concentrations
n the samples are powders > eyeliners > creams. Nickel is naturally
ccurring element and may  be an essential element in humans.
etal exposures can occur, which can be passed to breast-feeding
nfants [16]. High levels of exposure can lead to health effects
epending on the route and the kind of nickel exposed to [60].
ickel represents the main cause of contact dermatitis and mini-Fig. 1. Estimated Daily Intake of Metals via Dermal Exposure from PCPs commonly
used in Ibadan.
mal  amount of other toxic metals can trigger pre-existing allergy.
Nickel dermatitis produces erythema, eczema and licheniﬁcation
of the hands and other areas of the skin that is in contact with
nickel [52]. The ﬁrst case of Ni allergy caused by eyeshadow has
been reported and 1 ppm of it may  trigger a pre-existing allergy
[60]. The primary targets of toxicity appear to be the respiratory
tract following inhalation exposure, the immune system following
inhalation, oral, or dermal exposure; and possibly the reproductive
system following oral exposure. Based on the mean heavy metal
concentrations, the order of metals in all the products are
Creams and powders : Zn > Pb > Ni > Cd.Eyeliners : Zn > Ni > Pb > Cd.
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Table  9
Results of One-way ANOVA of the PCPs Commonly Used in Ibadan.
Sum of Squares df Mean Square F Sig.
Zn Between Groups (Combined) 976178850.386 2 488089425.193 1.395 0.262
Within Groups 11195583174.114 32 349861974.191
Total 12171762024.500 34
Cd  Between Groups (Combined) 91.420 2 45.710 1.237 0.304
Within Groups 1182.159 32 36.942
Total 1273.579 34
Pb  Between Groups (Combined) 16247.295 2 8123.648 1.235 0.304
Within Groups 210456.935 32 6576.779
Total 226704.231 34
Ni  Between Groups (Combined) 936.719 2 468.360 1.492 0.240
Within Groups 10047.191 32 313.975
Total 10983.910 34
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Table 10
Percentage Ash and Moisture Content of PCPs Commonly Used in Ibadan, Nigeria.
S/N Sample code Ash content Mean ± SD Moisture content Mean ± SD
1 01PP 91.6 ± 0.01 0.55 ± 0.01
2 02PP 97.5 ± 0.1 1.20 ± 0.0
3 03PP 94.9 ± 0.1 0.95 ± 0.1
4 04PP 96.2 ± 0.2 1.10 ± 0.1
5 05PP 97.6 ± 0.01 0.45 ± 0.1
6 06PP 95.9 ± 0.2 0.40 ± 0.01
7  07PP 95.9 ± 0.1 0.36 ± 0.01
8 08PP 96.4 ± 0.1 0.99 ± 0.01
9 09PP 98.6 ± 0.9 0.96 ± 0.1
10 10PP 99.2 ± 0.1 1.04 ± 0.02
11 01CC 4.4 ± 0.1 12.2 ± 0.1
12 02CC 6.06 ± 0.1 17.2 ± 0.1
13 03CC 3.74 ± 0.2 14.7 ± 0.1
14 04CC 5.95 ± 0.1 15.7 ± 0.01
15 05CC 4.16 ± 0.1 17.2 ± 0.01
16 06CC 5.15 ± 0.1 10.2 ± 0.02
17 07CC 7.1 ± 0.1 12.3 ± 0.02
18 08CC 4.99 ± 0.01 9.74 ± 0.01
19 09CC 5.65 ± 0.1 11.3 ± 0.01
20 10CC 6.76 ± 0.1 13.3 ± 0.01
21 11CC 1.48 ± 0.04 0.47 ± 0.02
22 12CC 1.58 ± 0.03 82.0 ±0.01
23 13CC 2.40 ± 0.1 87.8 ± 0.01
24 14CC 2.37 ± 0.02 79.4 ± 0.1
25 15CC 2.00 ± 0.1 0.71 ± 0.01
26 16CC 1.15 ± 0.1 2.60 ± 0.02
27 17CC 1.40 ± 0.02 0.52 ± 0.02
28 18CC 3.67 ± 0.01 0.12 ± 0.01
29 19CC 1.79 ± 0.1 4.10 ± 0.1
30 20CC 1.62 ± 0.1 3.78 ± 0.1
31 01EE 15.1 ± 0.1 16.7 ± 0.01
32 02EE 13.6 ± 0.2 15.9 ± 0.1
33 03EE 19.2 ± 0.1 9.05 ± 0.1
34 04EE 11.7 ± 0.1 13.1 ± 0.01
Pb. Hazard risk indices (HRI) must be less than 1 for it not to pose any
health hazard. When the hazard index values exceed 1, there mayFig. 2. Health Risk Index (HRI) of Metals.
.2. Comparison of metal levels in this study with those from
revious works
The concentration of zinc (13.8–19.3 mg/kg) in creams obtained
n this study was lower than 0.646–32.8 mg/kg obtained by
64] and higher than 0.136–0.355 mg/kg reported by [8] while
.88–112000 mg/kg obtained in powders was higher than
.82–1070 mg/kg reported by [64], and 19.8–217 mg/kg in eye-
iners was higher than 72.00–128.50 mg/kg reported by [44]
Table 8). The range of cadmium (ND—0.50 mg/kg) obtained
n this study was higher than 0.041–0.058 mg/kg reported by
64], and 0.016–0.082 mg/kg reported by Onwardi et al. (2011).
D—36.3 mg/kg obtained in powders analysed in this study was
igher than 0.258–0.360 mg/kg reported by [64] and ND—8.1 mg/kg
eported by [43]. ND—0.50 mg/kg obtained in eyeliners was  lower
han 0.3–1.8 mg/kg reported by [44] and ND—0.266 mg/kg reported
y [14] (Table 8). Also, the range of lead (ND—6.25 mg/kg)
btained in the creams was higher than 1.741–3.708 mg/kg
eported by [64] while ND—468 mg/kg obtained in powders was
igher than 2.325–3.975 mg/kg reported by [64] and 0.4–41 mg/kg
eported by [43]. The 3.75–27.5 mg/kg in eyeliners was lower
han 66.4–213.6 mg/kg reported by [15]. The range of nickel
oncentrations, ND—6.25 mg/kg, in the creams was  higher than
.258–0.308 mg/kg reported by [64] while 0.13–107 mg/kg in the
owders was higher than 0.72–1.425 mg/kg reported by [64] and35 05EE 16.9 ± 0.1 16.4 ± 0.6
Note: PP = powder, CC = cream, EE = eyeliner
2.75–22.6 mg/kg in eyeliners was lower than 78.00–325.2 mg/kg
reported by [44] (Table 8).
3.3. Results of risk assessment
The estimated daily intake (EDI) of the metals from the use of
the PCPs considered in this study is presented in Fig. 1. The EDI
values ranged from 7.3 × 10−6- 268 mg/day and were very low in all
the metals in all the categories of the PCPs considered in this study
except Zn whose highest EDI was 268 mg/day in powders. The order
of the metals in the PCPs are Zn > Cd >Ni as EDI was not calculated forbe concerns for potential health risks associated with over exposure
[57]. The HI obtained in this study ranged from 8.52 × 10−2-893. The
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Table 11
Inter-laboratory comparison of outrageous results.
S/N sample codes Concentration of zinc in the
samples in (mg/kg)
Concentration of cadmium in
the samples in (mg/kg)
Concentrations of lead in the
samples in (mg/kg)
LAB 1 LAB.2 LAB.3 LAB.1 LAB.2 LAB.3 LAB.1 LAB.2 LAB.3
1 01pp 4890 4750.5 2204.5 0.13 ND 0.13 6.23 ND 17.375
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[2  02pp 114 39.75 81.75 
3  07pp 112000 103750.8 41872.6 
4  o8pp 33.9 234 69 
rder of HRI followed the same trend as observed in EDI as shown
n Fig. 2. The HRI values estimated for Zn was 893, which exceeded
 and calls for urgent concern.
.4. Results of statistical analysis
The coefﬁcient of variation (CV) was used to explain the distribu-
ion patterns of heavy metals in the three different classes of PCPs
i.e., creams, powders and eyeliners) commonly used in Ibadan. The
igher the CV values, the greater the uneven distributions of the
arameters under consideration [3]. Thus, in the creams, the CV
alues ranged from 52.6 in Zn to 153 in Cd, and 245 in Ni to 310
n Cd in the powders and 73.9 in Ni to 149 in Cd in the eyeliners
Table 6). These showed that there are no guidelines and or strict
egulations in the use of different raw materials in the production
f these PCPs. There were great variations in the concentrations of
eavy metals in the products hence the uneven distribution of the
etals, especially Cd and Pb. One-way ANOVA results showed that
here were no signiﬁcant differences between and within groups
Table 9).
.5. Percentage ash and moisture contents of personal care
roducts
The percentage ash content of the PCPs considered in this study
s shown in Table 10. The percentage ash content of the creams
anged from 1.14–7.10% while it was 91.6%–99.2% in the powders
nd 11.7–19.2% in the eyeliners. The percentage ash indicates the
evels of inorganic minerals present in the samples. Hence, the
esults showed that powder with the highest percentage ash con-
ent (91.59–99.2%) has a large percentage of inorganic components
herein. The percentage moisture content in the creams ranged
rom 0.10–87.8%, 0.36%–1.20% in the powders and 9.05%–16.7% in
he eyeliners (Table 10). The results showed that creams have the
ighest water content, followed by powders and eyeliners.
.6. Results of recovery study of heavy metals and validation
In order to ascertain the efﬁciency of the analytical results,
ecovery study was carried out for lead and cadmium in two  of
he cream samples (01CC and 02CC). This was achieved by spik-
ng the two cream samples with known concentrations of pure
tandards. The spiked samples were then passed through the ana-
ytical procedure and analysed to determine the concentrations of
he metals. The results showed 98% and 91% recovery for Pb and Cd
espectively in 01CC and 92% and 95% respectively in 02CC. The high
esults obtained in some of the products were validated using inter-
aboratory analysis as shown in Table 11. There were no signiﬁcant
ifferences in the results obtained from the different laboratories
t p < 0.05.. Conclusion
This study investigated the levels of heavy metals such as lead,
admium, zinc, and nickel in Personal Care Products commonly
[ND ND 0.13 2.5 ND 3.375
ND ND 40.75 468 508.5 364.63
36.3 25 0.38 5 ND 10.375
used in Ibadan, Nigeria. In some of the PCPs, the levels of the met-
als were higher than the available permissible limits and reported
studies. The metal concentrations in the samples were in the order:
powder > eyeliners > creams while the order of metals in creams
and powders were: Zn > Pb > Ni > Cd, and Zn > Ni > Pb > Cd in the eye-
liners. This study revealed that human exposure to heavy metals is
not only from food, water, mining activity, toys, plastics, jewelry,
but also from personal care products. Continuous use of personal
care products may  result in an increase in the trace metal levels in
the ocular system and the human body. The use of personal care
products may  be considered as a source of toxic metal poisoning.
Though, the metals are from the contamination of raw materials
and use of sub-standard raw materials, lack of compliance by small
scale manufacturers, and lack of strict regulations. Currently, there
are no national regulations and permissible limits of heavy met-
als and other toxins in most consumer products including personal
care products in Nigeria. This study therefore emphasize the need
to monitor the presence of these toxins in personal care products
commonly used in Nigeria to avert heavy metal poisoning through
dermal exposure to humans especially the vulnerable groups such
as children and women. Further studies on heavy metals in personal
care products are recommended and should include other toxic
metals such as aluminium and mercury, among others, in different
categories of PCPs commonly used in Nigeria to prevent associated
human health risks.
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